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(54) Mobile communication system and control channel setting method In mobile 
communication system 



(57) A mobile communication system includes a 
plurality of radio base stations and mobile stations. The 
system establishes radio connection between each 
radio base station and each mobile station by a TDMA- 
TDD scheme. Each radio base station includes an elec- 
tric field strength measuring section, a search section, 
and a transmission timing control section. The electric 
field strength measuring section measures the recep- 
tion input voltages of control channels from adjacent 
radio base stations. The search section searches for a 



transmission timing corresponding to the reception tim- 
ing of a control carrier which does not contend with the 
transmission timings of control carriers in the adjacent 
radio base stations on the basis of the measurement 
result obtained by the electric field strength measuring 
section. The transmission timing control section trans- 
mits a carrier signal on the control channel at the 
searched-out transmission timing. A control channel 
setting method is also disclosed. 
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Description 

The present invention relates to a mobile communi- . 
cation system In which radio connection between a . 
radio base station and a mobile station is established by ;5 
a TDMA-TDD (Time Division Multiple Access-Time Divi- \ 
sion Duplex) scheme and, more particularly, to a mobile \ 
communication system in which a given radio base sta- , 
tion senses carrier signals intermittently transmitted 
from other radio base stations through control channels io 
to detect the transmission timing of a control carrier to \ 
be transmitted from the given radio base station, and a 
control channel setting method in the mobile communi- 
cation system. 

In a conventional mobile communication system, as is 
disclosed in Japanese Patent Laid-Open No. 7-264659. 
a plurality of radio base stations are connected to a pub- 
lic network, and radio connection between each radio 
base station and a mobile station is established by the 
TDMA-TDD scheme. If the control channels used by the 20 
respective radio base stations have the same fre- 
quency, each radio base station detects its own trans- 
mission timing on the control channel, and intermittently 
transmits data (carrier signals) at the detected transmis- 
sion timing. 25 

Figs. 5A to 5E show the transmission timings of 
control carriers In radio base stations. Assume that 
radio base stations A and B are connected to a public 
network and start their operations to transmit can-ier sig- 
nals a and b on control channels at predetermined inter- 30 
mittent transmission periods, as shown in Figs. 5A and 
5B. 

A radio base station C adjacent to the radio base 
stations A and B measures the reception input voltages 
of the carrier signals transmitted on the control channels 35 
from the radio base stations A and B to detect the con- 
trol channels on which the signals are being transmitted 
from the radio base stations A and B. As a result, as 
shown in Fig. 5D, the radio base station C can obtain 
the transmission timings on the control carriers in the 40 
radio base stations A and B. Assume that transmission 
timings TO to T3 and RO to R3 are set as shown in Fig. 
5C in the radio base station C. In this case, the trans- 
mission timings of the carrier signals a and b in the radio 
base stations A and B which are measured by the radio 45 
base station C are the transmission timings T1 and RO. 

Upon detection of the transmission timings of the 
control carriers in the adjacent radio base stations A 
and B, the radio base station C obtains transmission 
allowable Intervals excluding the transmission timings so 
T1 and RO as Indicated by the hatched portions in Fig. 
5E, and determines one of the transmission timings TO 
to T3 and RO to R3 in the obtained transmission allowa- 
ble intervals as the transmission timing of a control car- 
rier to be transmitted from the radio base station C. ss 
thereby preventing Interference with the control chan- 
nels In the radio base stations A and B. 

In the above conventional system, in consideration 



of the transmission timings of the control carriers in the 
adjacent radio base stations A and B. the transmission 
timing of the control carrier in the radio base station C is 
set to prevent contention with the transmission timings 
under consideration. For this reason, the reception tim- 
ing (reception slot) of a control carrier from a mobile sta- 
tion which exits in the zone covered by the radio base 
station C and demands connection may contend with 
the transmission timings (transmission slots) in the 
radio base stations A and B. In this case, the radio base 
station C cannot be connected to the mobile station in 
the zone, resulting in a deterioration in connectivity. 

It is an object of the present Invention to provide a 
mobile communication system which controls transmis- 
sion timings to prevent the reception timing of a control 
carrier in a given radio base station from contending 
with the transmission timings of control carriers in adja- 
cent radio base stations, thereby improving the connec- 
tivity between mobile stations, and a control channel 
setting method in the mobile communication system. 

In order tc achieve the above object, according to 
the present invention, there is provided a mobile com- 
munication system comprising a plurality of radio base 
stations and mobile stations, the system establishing 
radio connection between each radio base station and 
each mobile station by a TDMA-TDD (Time Division 
Multiple Access-Time Division Duplex) scheme, each of 
the radio base stations comprising measuring means 
for measuring a reception input voltage of a control 
channel from an adjacent radio base station, search 
means for searching for a transmission timing corre- 
sponding to a reception timing of a control carrier which 
does not contend with a transmission timing of a control 
carrier in the adjacent radio base station on the basis of 
the measurement result obtained by the measuring 
means, and transmission control means for transmitting 
a carrier signal on the control channel at the searched- 
out transmission timing. 

Fig. 1 is a block diagram showing the schematic 
arrangement of a mobile communication system 
according to an embodiment of the present Inven- 
tion; 

Figs. 2A and 2B are timing charts showing the 
transmission timings of control carriers In adjacent 
radio base stations; 

Fig. 2C is a timing chart showing the slot numbers 
set in a radio base station which performs transmis- 
sion timing control of a control carrier; 
Fig. 2D is a timing chart showing the measured 
transmission timings of the control carriers in the 
adjacent radio base stations; 
Fig. 2E is a timing chart showing the allowable 
transmission timings of control carriers; 
Fig. 3 is a block diagram showing the arrangement 
of the main part of a radio base station in Fig. 1 ; 
Fig. 4 Is a timing chart showing other examples of 
the measured transmission timings of control carri- 
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ers in the adjacent radio base stations; and 
Figs. 5A to 5E are timing charts for explaining the 
transmission timings of control carriers in conven- 
tional radio base stations. 

The present invention will be described below with 
reference to the accompanying drawings. 

Fig. 1 shows the schematic arrangement of a digital 
mobile communication system according to an embodi- 
ment of the present invention. The mobile communica- 
tion system shown in Fig. 1 includes a public network 
1 0. a plurality of radio base stations 20 to 22 connected 
to the public network 10 through lines L1 to L3, and 
mobile stations 30 to 32 radio-connected to the radio 
base stations 20 to 22. Reference symbols Z1 to Z3 
denote the radio zones of the radio base stations 20 to 
22. The radio base stations 20 to 22 are adjacent to 
each other. Each radio base station can receive radio 
waves emitted from the adjacent radio base stations. 

As is known, the radio channels used by the radio 
base stations 20 to 22 include control channels and 
speech channels. Since the carrier frequencies on the 
control channels are the same, the radio base stations 
20 to 22 time-divisionally use the control channels hav- 
ing the same frequency. 

As shown in Figs. 2A and 2B, the radio base sta- 
tions 20 and 21 are connected to the public network 10, 
and start their operations to intermittently transmit data 
(carrier signals) a and b on the control channels. In this 
case, the radio base station 22 adjacent to the radio 
base stations 20 and 21 measures the reception input 
voltages of control carriers from the radio base stations 
20 and 21 to detect the transmission timings of the con- 
trol carriers in the radio base stations 20 and 21. As a 
result, as shown in Fig. 2D, the radio base station 22 
can obtain the transmission timing of the control carriers 
in the radio base stations 20 and 21 

In order to prevent the reception timing of the con- 
trol channel in the radio base station 22 from contending 
with the transmission timings of the control carriers in 
the radio base stations 20 and 21 , the radio base station 
22 assigns temporary slot numbers to the measured 
transmission timings (Fig. 2D) of the control canriers in 
the radio base stations 20 and 21 , as shown in Fig. 2C. 
Assume that the TDMA multiplex count in the TDMA- 
TDD scheme is set to "4". In this case, slots TO to T3 
and slots RO to R3 are set. and the transmission timings 
of control carriers in the radio base stations 20 and 21 
are assigned to the slots TO to T3 and the slots RO to 
R3. The radio base station 22 then determines specific 
slots which correspond to the control channels which 
are being used for transmission by the radio base sta- 
tions 20 and 21, and calculates the number of control 
channels in use in units of slots. 

In this embodiment, while the radio base station 20 
is transmitting data in the slot T1 on the control channel, 
and the radio base station 21 is transmitting data in the 
slot RO on the control channel, no radio base station is 



using the control channel in other slots. For this reason, 
when the radio base station 22 is to transmit a carrier 
signal by using the control channel, it suffices if the sta- 
tion avoids contention between the reception timing of a 
5 control carrier and the slots T1 and RO. 

The radio base station 22 therefore sets a transmis- 
sion timing to prevent the slots T1 and RO used as trans- 
mission timings in the radio base stations 20 and 21 
from contending with the reception timing (reception 
10 slot) in the station 22. More specifically, the radio base 
station 22 sets one of the slots RO. R2. R3. T1 . T2. and 
T3, excluding the slots R1 and T1, as the transmission 
timing (transmission slot) of a control carrier in the sta- 
tion 22, as indicated by the hatched portions in Fig. 2E, 
15 SO as not to set the slots R1 and TO, which are the 
reception timings corresponding to the slots T1 and RO, 
as transmission slots. In this manner, the reception tim- 
ing of a control channel in a given station is set so as not 
to contend with the transmission timings of control carri- 
20 ers in adjacent radio base stations, thereby ensuring 
good connectivity with respect to mobile stations. 

As shown in Fig. 3. the radio base station 22 which 
performs the above transmission timing control includes 
an antenna 91, a radio isection 92 for transmit- 
25 ting/receiving a radio signal to/from a mobile station 
through the antenna 91 . an electric field strength meas- 
uring section 93 for measuring an electric field strength 
on the tfasis of a reception signal from the radio section 
92. a CPU (Central Processing Unit) 94 for executing 
30 control programs to perform transmission/reception 
control on a radio signal, a transmission timing control 
section 95 for controlling the transmission timing of a 
control carrier, a ROM (Read Only Memory) 96 storing 
the control programs executed by the transmission tim- 
35 ing control section 95. and a RAM (Random Access 
Memory) 97 for storing various data. The CPU 94 
includes a count section 94a for counting a contention 
count between each slot set in the home station and the 
transmission timings of control carriers in the adjacent 
40 radio base stations, and a search section 94b for 
searching for the transmission timing of a control carrier 
in the home station on the basis of the count value of the 
count section 94a. 

In the radio base station 22 having the above 
45 arrangement, a carrier signal on a control channel 
which is received by the radio section 92 through the 
antenna 91 is sent to the electric field strength measur- 
ing section 93. The electric field strength measuring 
section 93 measures the reception input voltage of the 
50 carrier signal for a predetermined period of time. The 
count section 94a of the CPU 94 analyzes the data 
measured by the electric field strength measuring sec- 
tion 93. calculates the number of control channels (con- 
tention count) in units of set slot numbers depending on 
55 the presence/absence of a carrier signal on a control 
channel at this time, and stores the resultant data in the 
RAM 97. 

Subsequently, on the basis of the data stored in the 
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RAM 97 the search section 94b of the CPU 94 searches 
for a timing corresponding to the maximum number of 
reception slots which can be used in the home station, 
and notifies the transmission timing control section 95 of 
the searched-out timing. The transmission timing con- 
trol section 95 instructs the radio section 92 to transniit 
a carrier signal on the control channel at the notified tirh- 
ing. As a result, the carrier signal is transmitted from the 
radio base station 22 to the mobile station 32 at the opti- 
mal transmission timing on the control channel. In the 
case shown In Fig. 2E. the slots RO. R2. R3. T1 . T2, and 
T3 which are not used by the adjacent radio base sta- 
tions 20 and 21 are searched out the timings corre- 
sponding to the maximum number of reception slots 
which can be used in the home station, and the trans- 
mission timing control section 95 is notified of one of the 
slots as the transmission timing (transmission slot) of a 
control carrier in the home station. 

A transmission timing control operation to be per- 
formed when the number of adjacent radio base sta- 
tions is large, and the number of slots on control 
channels which are used in the adjacent radio base sta- 
tions is large will be described next with reference to 
Fig. 4. In this case, all the slots on the control channels 
are used by the adjacent radio base stations, and the 
slots contend with the reception slots in the home sta- 
tion. 

In this case, the radio base station 22 counts the 
number of control channels in contentions in units of 
slots, and select slots corresponding to the minimum 
number of control channels in contention. In this case, 
the slots T1 . T2, T3, and R2 correspond to one control 
channel in contention, whereas the slots TO, RO. R1. 
and R3 correspond to two control channels in conten- 
tion. The radio base station 22 therefore selects the 
slots T1 . T2, T3. and R2 corresponding to the minimum 
number of control channels in contention, and sets one 
of the timings at which the selected slots T1 , T2. T3, and 
R2 become reception slots, i.e.. one of the slots R1. R2. 
R3. and T2. as the transmission timing of a control car- 
rier in the station 22. 

With this arrangement, the radio base station 22 
can transmit information on a control channel at the tim- 
ing at which the reception efficiency of the control chan- 
nel is high, and can properly establish radio connection 
with the mobile station 32 in the zone of the station 22. 
In addition, the radio base station 22 can avoid interfer- 
ence with carrier signals on the control channels in the 
adjacent radio base stations 20 and 21. 

As has been described above, according to the 
present invention, the transmission timing of a control 
carrier in a given radio base station is determined such 
that the transmission timings of control carriers in adja- 
cent radio base stations do not interfere with the recep- 
tion timing of a control carrier in the given station, or the 
contention count is minimized. With this operation, radio 
connection with a mobile station in the zone of the given 
station can be properly established, thus improving the 



connectivity with respect to mobile stations. 
Claims 

5 1. A mobile communication system characterized by 
comprising a plurality of radio base stations (20. 21 . 
22) and mobile stations (30, 31. 32). said system 
establishing radio connection between each radio 
base station and each mobile station by a TDMA- 

10 TDD (Time Division Multiple Access-Time Division 
Duplex) scheme, 

each of said radio base stations comprising: 
measuring means (93) for measuring a recep- 

75 tion input voltage of a control channel from an 

adjacent radio base station; 
search means (94b) for searching for a trans- 
mission timing corresponding to a reception 
timing of a control carrier which does not con- 

20 tend with a transmission timing of a control car- 

rier in^said adjacent radio base station on the 
basis of the measurement result obtained by 
said measuring means; and 
transmission control means (95) for transmit- 

25 ting a can-ier signal on the control channel at 

the searched-out transmission timing. 

2. A system according to claim 1 . wherein said search 
means searches for one reception timing of timings 

30 in a home station, excluding the transmission timing 
of the control carrier in said adjacent radio base sta- 
tion, and sets a timing corresponding to the 
searched-out reception timing as a transmission 
timing when all transmission/reception timings in 

35 said home station are not occupied by the transmis- 
sion timing of the control carrier in said adjacent 
radio base station. 

3. A system according to claim 1 or 2. wherein said 
40 search means searches for a timing, as a transmis- 
sion timing, which corresponds to a minimum con- 
tention count with respect to the transmission 
timing of the control carrier in said adjacent radio 
base station, and sets the searched-out timing as a 

45 transmission timing when all transmission/recep- 
tion timings in a home station are occupied by the 
transmission timing of the control carrier in said 
adjacent radio base station. 

50 4. A system according to claim 1 . 2 or 3, further com- 
prising count means (94a) for counting a contention 
count with respect to the transmission timing of the 
control carrier in said adjacent radio base station in 
units of consecutive slots set for transmis- 

55 sion/reception of a control carrier in a home station, 
and 

wherein said search means searches for a 
transmission timing in consideration of a slot corre- 
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spending to a minimum count value of said count 
means. 

5. A control channel setting method as a control car- 
rier sensing method for a mobile communication 5 
system including a plurality of radio base stations 
(20. 21. 22) and mobile stations (30, 31. 32). said 
system establishing radio connection between 
each radio base station and each mobile station by 
a TDMA-TDD (Time Division Multiple Access-Time io 
Division Duplex) scheme, characterized by com- 
prising the steps of: 

measuring a reception input voltage of a con- 
trol channel from an adjacent radio base sta- is 
tion; 

searching for a transmission timing corre- 
sponding to a reception timing of a control car- 
rier which does not contend with a transmission 
timing of a control carrier in said adjacent radio 20 
base station on the basis of the measurement 
result: and 

transmitting a carrier signal on the control 
channel at the searched-out transmission tim- 
ing. 25 

6- A method according to claim 5. wherein the step of 
setting a transmission timing comprises the step of 
searching for one reception timing of timings in a 
home station, excluding the transmission timing of 30 
the control carrier in said adjacent radio base sta- 
tion, and setting a timing corresponding to the 
searched-out reception timing as a transmission 
timing when all transmission/reception timings in 
said home station are not occupied by the transmis- 35 
sion timing of the control carrier in said adjacent 
radio base station. 

7. A method according to claim 5 or 6. wherein the 
step of searching for a transmission timing com- 40 
prises the step of searching for a timing, as a trans- 
mission timing, which corresponds to a minimum 
contention count with respect to the transmission 
timing of the control carrier in said adjacent radio 
base station, and setting the searched-out timing as 4S 
a transmission timing when all. transmission/recep- 
tion timings in a home station are occupied by the 
transmission timing of the control carrier in said 
adjacent radio base station. 
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(54) Mobile communication system and control channel setting method in mobile 
communication system 



(57) A mobile connmunication system includes a 
plurality of radio base stations and mobile stations. The 
system establishes radio connection between each 
radio base station and each mobile station by a TDMA- 
TDD scheme. Each radio base station includes an elec- 
tric field strength measuring section, a search section, 
and a transmission timing control section. The electric 
field strength measuring section measures the recep- 
tion input voltages of control channels from adjacent 
radio base stations. The search section searches for a 



transmission timing corresponding to the reception tim- 
ing of a control carrier which does not contend with the 
transmission timings of control carriers in the adjacent 
radio base stations on the basis of the measurement 
result obtained by the electric field strength measuring 
section. The transmission timing control section trans- 
mits a carrier signal on the control channel at the 
searched-out transmission timing. A control channel 
setting methpd Is also disclosed. 
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